Abstract: Porous (Zr0.5,Sr0.5)TiO3 and MgO (1, 3, 5 mol%) doped ZST nanocomposites have been developed and investigated as humidity sensing elements. The surface area analyser and FESEM data have indicated that the MgO doped perovskites are contained of the macropores and grain size of about 77 to 87 nm. EFTEM proved the reduction of particle size by addition of MgO dopant concentration. While pure ZST shows BET surface area of about 58 m 2 /g, MgO doped samples exhibit about 12 m 2 /g. Sensor contained of ZST doped with 3 mol% MgO shows highest sensitivity with about four orders of magnitude change in impedance within the range of 20% to 95% RH.
Introduction
The monitoring of ambient humidity, especially in the compound form with different gases by accurate, high efficient, low power and provident sensors are gained attention of many application fields [1] . Measurement and control of environmental relative humidity play an important role in today's life [2] . Hygrometers are classified on the basis of transduction technologies, sensing materials, and mechanisms. Based on our previous comprehensive survey on the humidity sensors, nowadays RH sensors are assorted to organic, inorganic, organic/inorganic, and carbon types [3] .
Humidity sensors' performance are strongly depend on the microstructure and morphology of the sensing medium or film [4] . In case of thin/thick film humidity sensors, the desirable characteristics whose improve sensitivity are determined by such properties including high porosity, large specific surface area, proper pore size distribution and higher conductivity of the ions [5] . Although humidity sensors are produced from different materials, most of them apply a same sensing principle which is the occurrence in surface of substance and capillary condensation of vapor inside the pores. Basic of the moisture sensing is physical and chemical adsorption of water molecules [6] . Ceramic type humidity sensors based on metal oxides have exhibited some superior advantages in comparison to polymer films from the viewpoints of their mechanical strength, thermal capability, physical stability and their resistance to chemical attack, which reveals them to be the most promising materials for chemical humidity sensor applications [3] . However, ceramic matters themselves vulnerable to insufficient superficial conductivity at low humidity, therefore signal drift. As far as ionic conduction is strongly dependent on the formation of monolayer and multilayer by physisorption and capillary condensation of the water vapour molecules, therefore perovskites' humidity sensing characteristics largely depend on the film complex microstructures, such as surface area, effective porosity, volume and pore size distribution [3] . In this communicate we have reported the design and fabrication of thick film humidity sensors based on various perovskite-based ZST nanocomposites synthesized through solid state reaction. The transduction mechanism of the sensors has also been discussed.
Materials and Methods

Chemicals
Zirconium(IV) carbonate ≥40% ZrO2 basis (Zr(OH)2CO3·ZrO2), strontium carbonate ≥99.9% trace metal basis (SrCO3), titanium(IV) oxide ≥99% (TiO2), and magnesium oxide nanopowder <50 nm particle size (BET) MgO all from Sigma Aldrich, were used as precursors. Butyl carbitol acetate 2-(2-Butoxyethoxy)ethyl acetate ≥99.2%, alpha-terpineol (C10H18O) and ethyl alcohol all from Sigma Aldrich were used as solvents. Ethyl cellulose (48% ethoxyl) from Sigma Aldrich was used as resin.
Materials Synthesis and Doping
Humidity sensitive powders were synthesized through solid state reaction method from SrCO3, Zr3CO8, and TiO2 precursors. Equimolar amount of basic powders were weighted and mixed based on molar ratio. To having homogenous slurry mixture, powders ultrasonically bathed for 24 h utilizing ultrasonic water bath. The compounds were wet milled for 8 h using acetone as grinding medium by adopting planetary mono mill. Then ball ground slurry was dried at 50 °C overnight and intermediate ground to fine powder using mortar and pestle. Solid state reaction has taken place by calcination of ground compounds inside the horizontal tubular furnace at 1000 °C in air atmosphere for 3 h. A homogenous nanocomposite of (Zr0.5,Sr0.5)TiO3 was obtained and stored for further characterizations. To have nanocomposites with different doping values MgO used as doping agent and as-received (particle size < 50 nm). 1, 3 and 5 mol% of magnesium oxide were added to certain proper values of (Zr,Sr)TiO3 and (1 − x)(Zr0.5,Sr0.5)TiO3-(x)MgO (x = 0.01, 0.03, 0.05) nanocomposites were prepared through SSR method following the above described procedure.
Sensors Fabrication and Characterization
The experiments were performed with four different types of nanocomposites i.e., (Zr0.5,Sr0.5)TiO3 (hereafter ZST) and ZST doped with 1, 3, and 5 mol% MgO (hereafter ZSTM1, ZSTM3, and ZSTM5) as active layers. Organic vehicle was prepared by mixing and stirring of alpha-terpineol, ethyl cellulose, and butyl carbitol with 12:1:12 ratio. Printing inks were prepared by admixture of fine nanocomposite powders and organic compounds in ratio of 73:27. Conducting gold electrodes with 7 pairs of interdigitated fingers have been printed by means of automat screen printing machine then subjected to drying process and followed by firing at 1000 °C inside the microwave furnace. As last layer, sensing elements transferred onto an alumina substrate and coated substrates were placed in UVbelt dryer at temperature of 150 °C for 15 min. Dried films were annealed inside of the box furnace at 1100 °C for half an hour to form active layers. Micro humidity sensors were wire bonded by the Molex male wafer 5pins connector to be able for experimental test setups. Humidity sensing properties of the manufactured sensors were evaluated under the laboratory-made setup conditions (temperature-gashumidity controlled chamber) at continuous range of 20% to 95% RH. The AC electrical humidity characteristics and electrochemical impedance spectroscopy (EIS) were carried out by means of computer controlled 4294A precision impedance analyzer (20 Hz-2 MHz). The measurement was conducted via 4 wire type Kelvin clip lead connection (two-point probe). The DC electrical resistance of the prototypes was measured via four-point probe method (keithley) at 25 °C.
Results and Discussion
SEM Characterization
Surface morphology of the cured ceramic sensors were determined by means of Field Emission Scanning Electron Microscopy (FESEM) and illustrated in Figure 1a -d. The micrographs revel that grains are grown by additive surcharges. Homogenous distribution of dopant nanoparticles are seen. All the films are well developed with sufficient degree of porosity. By increment of magnesia dopants the grains size had matured with slight decrease of porosity. The most porous body can be seen in Figure 1a as pure ZST and follows by ZST doped with different MgO concentrations in Figure 1b- 
Microstructural Properties
Energy Filtered Transmission Electron Microscopy (EFTEM) applied on as-calcined nanopowders to observe average particle size, particles morphology, and influence of doping agents. Specific surface area and total volume of the pores were then measured from output data of Surface Area (Porosity) Analyzer unit based on N2 gas sorption. The specific surface area and pore radius were determined by multi point BET and BJH theory from adsorption and desorption isotherm by 11 and 13 data points, respectively. While pure ZST contains of mesoporosity, samples contained of magnesia dopants exhibit macroporosity. Detailed specifications of the nanocomposites lists in Table 1 . 
Humidity Sensing Characteristics
Changes in resistance values of micro humidity sensors versus different humidity levels at room temperature are plotted in Figure 2a . The variations of magnitude of resistance have been fitted by the linear fit lines as drawn in plot. Based on the extracted equations from the plots the extrapolated values of R were estimated. Humidity dependency of the bulk specific electrical conductance for humidity range of 20% to 95% RH at room temperature for the ZST sensor is plotted in Figure 2b . The regressive trend of the resistance plots versus increase of the humidity levels specifies that the prototypes are operating on the basis of ionic conduction mechanism which occours through protonhopping therefore strong polarization of water electrolytes. In agreement with morphological microstructures this transduction is caused by water vapour physisorption, multilayer formation and then capillary condensation of molecules inside of the capillary pores at surface (proton mobility or charge carriers enhancement). Changes in resistance is very significant for the ZSTM3 and then ZST thick films in the 20% to 95% RH range. The ZST sensor resistance shifts by three orders of magnitude from 9.2E 7 to 244E 3 which is acceptable for the provskite-based sensor, while this change is more than four orders of magnitude (from 1.2E 8 to 81.8E 3 ) for the ZSTM3 device. ZSTM1 and ZSTM5 specimens comes only with two orders of magnitude changes from 2.7E 8 to 6E 6 and 1.8E 8 to 3.2E 6 , respectively. RH and RD represent the resistance at 95% to 20% RH and resistance at 20% RH, respectively. As shown in Figure 3 , all the specimens exhibit logarithmic behaviour in entire RH range with ZSTM3 as most sensitive transducer with 99.94% change. 
ZST at 25°C
Specific Electrical Conductance (Sm In summary, we showed that perovskite (Zr0.5,Sr0.5)TiO3 is a promising candidate for moisture sensing purpose. Structural analysis has proved MgO doping agents are highly influenced on ZST. Decrement of surface area by addition of dopants is due to a low N2 adsorption rate of magnesia. The electrical results are showing that while doping surcharges are influenced on mesoporosity and growth of grains, they act as surface conductivity-enhanced agents.
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